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ABSTRACT
Background: Cystinuria is an inherited disorder that results in increased excretion of cystine in
the urine. It accounts for about 1–2% of pediatric kidney stones. In this study, we sought to
identify the clinical characteristics of patients with cystinuria in a national cohort.
Methods: This was a retrospective study involving 30 patients from the Polish Registry of
Inherited Tubulopathies. Initial data and that from a 6-month follow-up were analyzed.
Mutational analysis was performed by targeted Sanger sequencing and, if applicable, MLPA ana-
lysis was used to detect large rearrangements.
Results: SLC7A9 mutations were detected in 15 children (50%; 10 males, 5 females), SLC3A1 muta-
tions in 14 children (47%; 5 males, 9 females), and bigenic mutations in one male patient. The
first clinical symptoms of the disease were detected at a median of 48months of age (range
3–233months). When individuals with different mutations were compared, there were no differen-
ces identified in gender, age of diagnosis, presence of UTI or urolithiasis, eGFR, calcium, or cystine
excretion. The most common initial symptoms were urolithiasis in 26 patients (88%) and urinary
tract infections in 4 patients (13%). Urological procedures were performed in 18 out of 30 (60%).
Conclusions: The clinical course of cystinuria is similar among patients, regardless of the type
of genetic mutation. Most patients require surgery before diagnosis or soon after it. Patients
require combined urological and pharmacological treatment for prevention of stone recurrence
and renal function preservation.
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Cystinuria is a rare, inherited disorder that results in
increased excretion of the amino acid cystine from the
body. As cystine is poorly soluble in urine, excess cyst-
eine builds up in the kidneys, which leads to the forma-
tion of recurrent kidney stones that can create
blockages in the urinary tract, negatively affecting kid-
ney function and acting as a nidus for infections [1,2].
The disease accounts for about 1–2% and up to 25% of
adult and pediatric patients with kidney stones, respect-
ively [3]. Cystinuria is an autosomal recessive disease
but some heterozygous carriers have an autosomal
dominant, incomplete penetrance phenotype with ele-
vated urinary cystine excretion. These variations in cyst-
ine excretion result in broad clinical variability [4].
Cystinuria has been linked to the abnormal function
of a protein transporter in the proximal convoluted
tubule leading to loss of dibasic and neutral amino
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acids. So far, two genes responsible for cystinuria have
been identified: SLC3A1 (chromosome 2p21) encodes
the heavy subunit rBAT of a renal b0,þ transporter,
while SLC7A9 (chromosome 19q12) encodes its interact-
ing light subunit b0,þAT [5]. While these mutants also
disrupt reabsorption of lysine, arginine, and ornithine,
these amino acids do not form crystals when they accu-
mulate and thus do not present clinically with stones as
excess cystine does. In the absence of stone formation,
cystinuria can be asymptomatic. Symptoms appear with
the development of stones and can vary on a spectrum
of frequency and severity. Presentation is similar to that
of any other urinary calculi and includes nausea, vomit-
ing, ‘colicky’ pain, and hematuria. Based on the severity
of the disease, obstructive syndromes, recurrent urinary
tract infections (UTIs), and even organ damage can
occur. With the persistence of these symptoms, chronic
pain is also a common complaint in patients with cysti-
nuria [2,4,6,7].
The global prevalence of cystinuria is approximately
1 in 7000, however, this rate ranges widely in different
regions (1 in 2500 neonates in Libyan Jews to 1 in
100 000 in Swedes) [1,3,4,7]. To date, there have been
no reports on the prevalence, genotypes, or pheno-
types of cystinuria in the Polish population. Thus, in this
study we sought to elucidate the clinical characteristics
of cystinuria in a national cohort of patients in Poland
to facilitate improvements in detection and treatment
of specific, previously unidentified subgroups of
patients in this population.
Material and methods
Patients
This retrospective study included 30 patients (16 males
and 14 females; 27 children and 3 young adults) from
26 families that had a molecular diagnosis of cystinuria
and for whom data had been collected in the Polish
Registry of Inherited Tubulopathies (POLtube). The
patients were recruited to the registry from 9 pediatric
nephrology centers throughout Poland from 2013 to
2018. The retrospective nature of the study exempted it
from the Ethics Committee approval by Polish
Regulation. The calculated prevalence of the disease
among children in the cohort was 3.9 cases per million.
The analyses focused on clinical and biochemical
data acquired upon diagnosis of cystinuria. This
included patient age at initial presentation, age at clin-
ical diagnosis, age and method of biochemical diagno-
sis, gender, parental consanguinity, family history of
cystinuria, presenting symptoms, renal function defined
as estimated glomerular filtration rate (eGFR), calciuria,
24-h cystine excretion (if available), and ultrasonog-
raphy findings.
All patients were initially diagnosed based on nitro-
prusside testing, which is a standard test performed in
the evaluation of children with recurrent stones and
familial urolithiasis in Poland. Cystinuria was defined as
increased excretion of cystine in the urine exceeding
the normal daily excretion rate of 30mg/day or a posi-
tive nitroprusside test result, which quantitatively
assesses the excretion of cystine over 75mg/g of cre-
atinine. Hypercalciuria was defined by the increased
excretion of calcium (>4mg/kg/day) in the urine. UTI
was diagnosed based on clinical criteria for clinical
symptoms, urine testing and positive leukocyte and/or
nitrite in urinary culture (if available).
Data were collected based on the initial methods
used to treat cystinuria, and whether surgical interven-
tions were required. At the time of analysis, no specific,
unified protocol for pharmacological cystinuria treat-
ment was approved in Poland. The treating physicians
decided on treatment based on their knowledge and
experience. Clinical and biochemical data from patients
at the 6-month follow-up assessment were analyzed,
when available.
A patient was diagnosed as having a recurrent stone
when at least one new stone was detected by ultra-
sound or expulsed (provided it had been removed
before). From the clinical perspective, in the follow-up
period, full clinical improvement was defined as no clin-
ical or ultrasound signs of urolithiasis at the end of
observation or UTI at any point. Partial improvement
was recorded as reduction of stone number. Clinical
and biochemical data were later compared between 2
main groups – patients carrying a defect in the SLC3A1
gene vs. patients with a SLC7A9 defect.
Genetic analysis
Mutational analysis in probands and affected family
members (when available) was performed by targeted
Sanger sequencing of the entire SLC3A1 and SLC7A9
genes, and if applicable, by using multiplex ligation-
dependent probe amplification (MLPA) analysis to
detect large genomic rearrangements. Appropriate
approvals from parents and caregivers were obtained
for genetic analysis.
Statistical analysis
Data were recorded and analyzed using standard meth-
ods of descriptive statistics with structural measures
and non-normal distribution descriptions (median value
RENAL FAILURE 63
and range). Differences between groups were analyzed
by the Fisher’s exact test and the Mann–Whitney two-
tailed test for non-parametric data. Data management
was performed with MS Excel software with detailed
analyses performed with Statistica 13 PL package.
Results
Parameters of diagnosis
Patient characteristics are presented in Table 1. None of
the patients had consanguineous parents. A family his-
tory of stone disease was reported in 13 out of 30
patients. SLC7A9 mutations were detected in 15
patients (50%; 10 males, 5 females), SLC3A1 mutations
in 14 (47%; 5 males, 9 females), and bigenic mutations
in one male patient. All patients but one had two
mutated alleles. The first clinical symptoms of urolithia-
sis (lumbar/abdominal pain, dysuria, UTI) were detected
at a median of 48months of age (range 3–233months).
By ultrasound, 13 subjects had unilateral stones (left
side – 7, right side – 6), 13 had stones on both sides. In
4 patients, UTI accompanied urolithiasis (Table 1).
Diagnosis of cystinuria was established at a median
age of 72months (range 3–301months). The median
delay between first presentation of the disease and clin-
ical diagnosis of cystinuria was 10months (range
0–288). In 3 patients, diagnosis was established in early
adulthood. The age of diagnosis was similar for SLC7A9
and SLC3A1 mutation carriers (median 60 vs. 42months,
respectively; p¼ 0.12). In 4 children (13%), diagnosis
was established by screening the families of the pro-
bands or by the parents’ decision.
Initial diagnosis of cystinuria was based on both clin-
ical symptoms (stone presence in ultrasound, UTI/
screening in families – Table 1) and biochemical ana-
lysis of urine by nitroprusside screening (most patients),
or by 24-h urine excretion of cystine (5 pts) or stone
analysis (3 pts) together. Before the initiation of any
treatment, 24-h cystine excretion was assessed in 18
patients (60%), which ranged from 52 to 1545mg/g
with a median of 469mg/g of creatinine. Hypercalciuria
was present in 2 patients. Genetic confirmation of cysti-
nuria was determined at a median age of 138months
(range 7–302months) with a median time of 46months
from the clinical diagnosis date.
One patient presented with acute renal injury with a
maximal eGFR decrease to 34mL/min/1.73 m2 due to
post-renal failure (as a result of bilateral ureteral block-
age and bladder stones). Data on renal function at the
time of cystinuria diagnosis were available for 27
patients. Their median eGFR was 105 (range 72–169)
mL/min/1.73 m2. Five patients (18%) were found to
have slightly impaired eGFR (range 72–86mL/min/1.73
m2; children < 2 years of age were excluded).
When comparing individuals with mutations in
SLC3A1 versus SLC7A9, there were no differences in
gender (p¼ 0.37), age of presentation (p¼ 0.07), age of
clinical diagnosis (p¼ 0.12), presence of UTI (p¼ 0.45)
or urolithiasis (p¼ 0.57), eGFR (p¼ 0.11), calcium
(p¼ 0.22), or cystine excretion (p¼ 0.07) (Table 2).
There was no effect of gender on the
above parameters.
Treatment
Data on treatment were available for 28 patients (Table
1). The majority (89%) had their fluid intake increased
after a clinical diagnosis was made, which is recom-
mended as a standard prevention for stone formation
in cystinuria. In 3 patients (10.7%), no dietary restric-
tions (i.e., a low salt diet and reduced protein intake)
were advised. Among pharmacological treatments,
potassium citrate was the most commonly prescribed
(in 24 patients; 85.7%). Captopril and tiopronin were
given to 10 (35.7%) and 4 (14.3%) patients, respectively.
Standard initial potassium citrate dosage was 0.5 mEq/
kg/day. Parents were instructed to adjust dosage to
maintain a high urine pH of 7.7–8.0 at a final dose of
1–1.1 mEq/kg/day. Captoprilum was given at a dosage
of 0.5–1.0mg/kg/day. Triopronin was administered with
an initial dose of 15mg/kg/day dose and finally ranged
300–900mg (5–30mg/kg/day).
Urological interventions
Prior to the establishment of a diagnosis, multiple types
of urological interventions were performed to remove
stones in 18 out of 30 patients (60%) (Table 1). When
on pharmacological treatment, 16 out of the 30
patients still required urological interventions (53%)
after 6 months. The procedures mostly involved preex-
isting stones and were performed soon (1–8weeks)
after diagnosis because new stone formation was
detected in a significantly lower number of subjects
(described below).
6-Month follow-up
6-Month follow up revealed that 7 out of 30 patients
(23%) had recurrent stones (one required new surgery-
PCNL) and 2 out of 30 patients (7%) had a UTI. At the
end of the follow-up period, renal function was mostly
normal (median 109; range 84–153mL/min/1.73m2).
Only 2 out of 5 children with previously impaired renal

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































function did not completely recover but other than
stone complications, no other risk factors were
reported. Daily urine production, which reflects fluid
intake, increased to a median value of 1800mL (range
380–4800mL) from 1400mL (range 370–4500mL).
From a clinical point of view, full clinical improvement
(free of stones) after 6months was reported in 12
patients (40%) and partial improvement in 6 patients
(20%) while 12 (40%) patients still had stones. When
comparing patients who had new recurrent urolithiasis
in follow-ups with those who did not, no significant dif-
ference was found in terms of the type of mutation,
age of first symptoms and age at clinical diagnosis,
presence of UTI or urolithiasis at initial diagnosis, cyst-
ine excretion, or eGFR. The only significant difference
was found for the initial 24-h urine calcium excretion,
which was lower in those who produced no stones
when compared to those who did (mean 1.62 vs.
3.8mg/kg/24h; p¼ 0.024) – Table 3.
Discussion
We present here for the first time, characteristics of a
national cohort of patients with cystinuria in the Polish
population. The results presented in this study were
made possible through the invaluable help of the
POLtube Registry, which reviews the collection of blood
samples and clinical data from patients with various
tubulopathies, and provides access to genetic testing,
facilitating molecular diagnosis and genetic counseling.
Here we provide data on genetic defects in a large,
national cohort of patients with cystinuria. When com-
pared to other national data, the number of patients
appears low, which suggests an underestimation of cys-
tinuric patients in Poland. Despite this, coverage of
most parts of Poland was maintained and thus the
cohort is representative of the whole country, ensuring
that the results obtained were not biased. In addition,
the number of observations from the clinical national
data is comparable to those reported in previous stud-
ies from Korea, Portugal, France [8], and Great Britain
[9–12]. All clinical pediatric research centers dealing
with tubulopathies in Poland were engaged in the
study, making the clinical analysis of pediatric cystinuria
patients the first and largest of its kind in Poland. The
prevalence calculated in our study (0.39 in 100 000) was
significantly lower than expected in European popula-
tions (1 in 100 000). Thus, we assumed that this was an
underestimation of the actual number of cystinuric
patients in the country.
Genotypic analysis of the Polish cohort showed

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































note, we did not find any effect of the respective gene
defects on the analyzed parameters at diagnosis, or
during the clinical course of the disease. This is in line
with other studies including one by Rhodes et al., which
found that the mutations in the SLC3A1 and SLC7A9
genes in cystinuria patients resulted in indistinguish-
able disease manifestations [8,13]. Similarly, Wong et al.
found no significant differences in multiple clinical
parameters, such as age at disease presentation or
number of urolithiasis episodes when comparing
groups of patients with different genotypes [10]. Similar
data were reported for Korea, Czechia, Slovakia, and
Greece [9,14].
One of the most important findings we revealed in
this study was delay in cystinuria diagnosis. Notably, a
significant proportion of patients remained undiag-
nosed for a long time despite presenting with the sug-
gestive clinical symptoms, including recurrence of
stones or bilateral renal localization (13/30; 43%
patients – Table 1). The delay in diagnosis could pos-
sibly be due to the rarity of the disease, and an insuffi-
cient awareness is also likely a contributing factor.
Although clinical guidelines recommend that an
exhaustive metabolic evaluation, including urinary cyst-
ine analysis, should be conducted in cases of recurrent
stone disease and/or diagnosis of urolithiasis at an early
age, this is not typically performed [1,2]. The delay in
diagnosis, along with the patient number in this study
compared to others in the literature, suggests that cys-
tinuria is likely underdiagnosed and/or underreported
in Poland. In this respect, much work must be done to
improve identification of the disease. Interestingly,
urine nitroprusside screening still remains a standard
test in most pediatric nephrology centers. However, it
should be noted that this method is considered out-
dated and is not available in every laboratory.
Therefore, a quantitative assessment of cystine in the
urine is the recommended method [2]. The underutil-
ization of this method may also explain the lack of
timely diagnosis. As far as we know, there is restricted
access to urine cystine assessment in Poland. Correctly
diagnosing cystinuria has great clinical importance,
such as reducing urological procedures, as was the case
with in our patient cohort. Urological interventions
were performed in more than half of our patients
before diagnosis, which could possibly be avoided in
some cases.
Chronic inflammation and urine blockage have been
described as risk factors for permanent renal injury.
Data from Brazil showed significant scarring in 13 (69%)
pediatric patients with cystinuria, who had a follow-up
in a single tertiary institution between 2004 and 2016.
However, mean eGFR was not decreased at 92–106mL/
min/1.73 m2 [15]. In a large study of adolescents and
adults with cystinuria, a significant increase in serum
creatinine was detected in cystinuric patients when
compared to calcium oxalate stone formers [16]. In our
study, renal function was mostly preserved with slightly
decreased eGFR in 5 patients (4 with a slight decrease
and one with significant acute renal injury) at time of
diagnosis. Successful combined (surgical and pharma-
cological) therapy restored impaired renal function in
28 out of 30 patients after a 6-month observation.
Reasons for impaired eGFR in the patients varied. One
had an acute bilateral blockage (as mentioned above),
while the remaining 4 had slightly lowered eGFR (above
80mL/min/1.73 m2). In our opinion, this might be the
result of chronic changes in the renal parenchyma due
to recurrent urolithiasis, with a component of subclin-
ical unilateral obstruction with UTI – this was present in
only 2 patients after follow-up. Unfortunately, no data
from imaging studies (scintigraphy, CT) were available
to support this hypothesis. Most patients required sur-
gery before clinical diagnosis, which is typical of cysti-
nuria. However, even after introducing pharmacological
therapy, the majority of children were operated on. On
the other hand, in 17 out of 18 cases, surgery was
required due to the formation of stones before pharma-
cological treatment, so we can postulate the need for
surgery was in fact reduced [11,15,16].
At the time of diagnosis, the vast majority of patients
presented with urolithiasis and a significant number
with UTIs. These symptoms appear to have improved
after initiation of treatment, with 60% reporting a
reduction in stones and a decrease in the need for sur-
gery at the 6-month follow-up (only 1 patient needed
new surgery). This suggests that the current recommen-
dations for disease management are beneficial for clin-
ical improvement, particularly soon after initiation of
treatment. For those with partial or no improvement
and continue to have recurrent symptoms, alternate
treatment options might be further explored [2,17]. The
medical management of patients in this study included
increasing the rate of diuresis, alkalization of the urine
with potassium citrate to promote cystine solubility,
and addition of cysteine-binding thiols, as per manage-
ment guidelines used worldwide [2,4,17]. In this regard,
while the given therapy was effective in a significant
number of patients, we feel it was not optimal. Not all
patients were advised on increased fluid intake and diet
restrictions, and citrates were not prescribed to all
patients. Nevertheless, fluid intake was not satisfactory,
though diuresis (which reflects intake) increased on
observation. Furthermore, a significant number of
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patients received captopril, which had been advised
earlier [1]. At present, tiopronin should be used instead.
Unfortunately, tiopronin was only given to 4 patients.
We are sure, that it was not the optimal choice. On the
other hand, this observation is in line with the thera-
peutic algorithm proposed by Barbey et al., which
described thiols as a second-line therapy that should
only be used when basic measures fail to control cyst-
ine stone formation [17]. This may be explained by
physicians being hesitant to prescribe tiopronin, as it is
an expensive medication and not freely available in
Poland. Because of the retrospective design of the
study, we had only gathered information from partici-
pating centers. There were no published nationwide
guidelines on how to treat cystinuria. Therefore, the
treating physicians decided on treatment based on
their knowledge and experience. The non-optimal strat-
egy of cystinuria treatment in Poland is one of the
important conclusions of the study. Unfortunately, the
retrospective design of the study and a short observa-
tional time limit any conclusions on the long-term
(years) effectiveness of treatment.
Conclusions
In this study, we analyzed the clinical manifestations of
cystinuria in a cohort of 30 pediatric patients through-
out Poland and found no significant differences in clin-
ical manifestations among the patients, regardless of
which genetic mutation was detected, the patients’
gender, or the time of diagnosis.
Most cystinuric children required surgery before
diagnosis, and soon after diagnosis. The patients
require combined urological and pharmacological treat-
ment for prevention of stone recurrence and renal func-
tion preservation. Pharmacological treatment was
mostly effective but did not provide full prevention of
stone recurrence or a need for surgery within 6months
of clinical diagnosis. However, prognosis in terms of
renal function was good.
Our study suggests that the disease may be under-
diagnosed in Poland, which requires action such as
educational interventions regarding symptoms and
diagnosis methods.
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